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= (54) Title: INSERT DRILL WITH REPLACEABLE END CAP 
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(57) Abstract: The insert drill (10) disclosed comprises a drill body (12) proper in which the entering hole-forming inserts (34, 36, 
38, 40) are mounted in a removable and replaceable end cap (26) to facilitate restoration of the drill (10). The attachment of the end 
cap (26) to the drill body (12) is made by two sizable pins (54) received in aligned holes (50, 50', 52, 52*) in the end cap (26) and 
drill body (12) and secured therein by set screws (58) engageable with holes (56) in the pins (54). 
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INSERT DRILL WITH REPLACEABLE END CAP 

In certain heavy-duty drilling operations, particularly of the 
automated kind, the dulling of the inserts at the entering end of the too] may 
5 go unnoticed for a sufficient length of time to effectively destroy the end of 
the tool as a result of excessive heating. For such applications, it would be 
desirable to make insert drills available with replaceable end caps in order 
to avoid the expense entailed in the loss of the entire tool, particularly in 
larger diameter drills. 
10 Replaceable end caps have heretofore been used on end mills 

in severe service and typically have contemplated a cylindrical plug-and- 
socket coupling between the end cap and the body of the tool with multiple 
drive pins anchored in the tool body and received in holes in the end cap, an 
assembly maintained by a central cap screw threaded into the tool body 
15 through a counter-bored hole in the end cap. 

Such arrangements do not lend themselves to drills, which are 
required to cut to the center of rotation and from which substantial amounts 
of the tool material must be removed from the end cap to provide the chip 
gullets necessary to allow the chips removed from the workpiece to be lifted 
20 or flushed from the hole. 

In a typical drill with diametrically aligned cutting inserts on 
opposite sides of center, the residual end cap material between successive 
chip gullets is likewise disposed as diametrically opposed material masses 
which offer themselves as the only available attachment sites for coupling 
25 the end cap with the tool body. 

It is the object of this invention to utilize those sites, together 
with coupling drive pins, to secure the end cap of the drill to the drill body 
against axial or rotational dislodgement by readily made connections which 
themselves are protected from the damage to which the end cap is exposed. 

30 

SUMMARY OF THE INVENTION 
Axially alignable holes bored into the diametrically opposed 
masses of the end cap and into the drill body, respectively, parallel to the 
axis of rotation, each receive one end of a pin which spans the axially 
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perpendicular contact interface of the two members. Each pin has two 
axially spaced radial depressions in its surface, which are conical in form 
and disposed on the same side of the pin in the same axial plane thereof. 
The depressions are engageable by conical-nose set screws disposed 

5 perpendicular to the plane of the radius on which the holes of the end cap 
and drill body, respectively, are aligned. The set screws of the end cap and 
of the drill body, respectively, enter their respective host bodies from 
opposite directions in the same plane perpendicular to the rotational axis, 
while the set screws engaged with each pin are disposed in the same plane 

W parallel to the rotational axis and spaced axially therein from the contact 

interface an aggregate distance slightly greater than the axial spacing of the 
depressions in the pins. Tightening the set screws into their respective pin 
depressions locks the end cap against rotation relative to the drill body and 
intensifies the interface contact force. 

15 

DESCRIPTION OF THE DRAWINGS 
FIGURE 1 is a perspective view of an indexable insert drill 
with replaceable end cap in accordance with the invention; 

FIGURE 2 is an exploded perspective view of the drill of 

20 FIG. 1; 

FIGURE 3 is a side elevation of the drill; 
FIGURE 4 is a plan view of the drill as shown in FIG. 3; 
FIGURE 5 is an end view, somewhat enlarged, of the drill as 
shown in FIG. 4; 

25 FIGURE 6 is a rear elevation of the end cap with connecting 

pins in place therein; 

FIGURE 7 is a front elevation of the drill body absent the end 

cap; 

FIGURE 8 is a plan view of one of the two connecting pins 

30 used; and 

FIGURE 9 is an end view of the pin of FIG. 8, partially broken 
away to show one of the set-screw receiving depressions of the pin. 
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DESCRIPTION OF PREFERRED EMBODIMENT 
The drill shown in the drawing FIG. 1 is a fairly large drill 10 
with a cutting diameter slightly in excess of three inches, an overall length 
of approximately fourteen and a half inches and an unsupported length of 
5 slightly over ten and a half inches when mounted in a machine spindle, not 
shown. As illustrated, the mounting end of the cylindrical drill body 12 is 
machined to provide an integral taper 14 and combination gripping and 
drive flange 16 with peripheral groove 18 for handling by an automatic tool 
changer and diametrically opposed notches 20 to receive the driving bar 
10 keys on the face of the spindle. The threaded end portion 22 (FIGS. 3 and 4) 
of a central bore 24 of the drill receives the usual gripper knob, also not 
shown, by means of which the tool is drawn tightly into the receiving taper 
of the spindle. 

The central bore 24 extends throughout the drill body proper, 

15 and is extended into, and ends, in the end cap 26 at the free end of the tool. 
There it is joined by two lesser angular bores 28 which deliver to the cutting, 
sites the cutting fluid introduced into the central bore through the machine 
spindle, and a central bore in the gripper knob. 

In the illustrated embodiment the drill body 12 and end cap 26 

20 are milled to provide a pair of diametrically opposed chip gullets 30 and 32 
extending axially from the cutting face of the end cap 26 along the sides of 
the drill body 12. At the cutting face of the end cap each chip gullet is 
further milled to provide seats for indexable inserts 34, 36, 38, and 40, 
illustrated as four-edged square inserts of which two occupy each gullet. 

25 The cutting edges of all of the inserts are arrayed in a convex curve in the 
same diametrical plane, being staggered in radial displacement from the 
center of rotation so that the insert 36 of the gullet 32 cuts to the center as 
insert 40 of the opposing gullet 30 cuts to the periphery, the inserts collec- 
tively sweeping a continuous cutting path from the center of rotation to the 

30 periphery. 

In the illustrated embodiment, a further insert 42, positioned 
in the chip gullet 30 of the tool body at a point removed from the end cap 
26, is provided to take a boring finish cut in the hole formed by the through 
passage of the hole-opening inserts 34 to 40 of the end cap. 
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The drill body 12 and its end cap 26 meet at a planar interface 
44 perpendicular to the rotational axis of the tool. The removal of material 
from both constituent parts of the tool to create the chip gullets 30 and 32 
leaves the residual material in a configuration which, at their interface 44, 
5 resemble a bow tie (FIGS. 2 and 6), i.e., two diametrically opposed masses 
46 and 48 of the end cap and their mirror-image counterparts 46' and 48' of 
the drill body 12, the masses of both constituent parts of the drill being 
rather more narrowly connected at the center of rotation. 

Each of the masses of the end cap is drilled and milled in a 

10 smooth-bore hole 50 and 52 parallel to the rotational axis and in precise 
alignment with a like hole 50' and 52* in the drill body (FIGS. 6 and 7). 
The two holes of each constituent part are somewhat offset from precise 
diametrical alignment, as their opposed masses are slightly unequal in size 
owing to the larger cross-section of the chip gullet 32 of the insert 36 that is 

75 required to cut to center. Optimal placement of the holes in the opposed 
masses on opposite sides of center, which is to say, at the approximate 
centroid of each mass, and with centers at the same radius from center of 
rotation, results in a slight angular displacement of each from diametrical 
alignment with the other. 

20 The holes in the end cap and drill body are aligned as pairs 

each of which receives a cylindrical connecting pin 54 of chrome steel alloy 
finish ground to an outside diameter providing four to six thousandths 
clearance on a three-quarter inch diameter. The length of the pin is 
approximately one-tenth of an inch less than the combined depths of each 

25 pair of aligned holes 50-50' and 52-52' of the drill body and end cap. 

Each of the connecting pins 54 is provided with a pair of 
axially aligned and countersunk radial holes 56 on centers spaced a 
predetermined distance apart and at predetermined distances from each 
end of the pin. The holes 56 of the pins are disposed to permit each to 

30 receive a conical-nose, headless set screw 58 with drive socket 60 positioned 
in each of the end cap 26 and drill body 12 (FIG. 2). The set screws of drill 
body and end cap engageable with each pin are likewise in alignment with 
each other axially of the tool, with their center lines parallel to the interface 
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44 between their constituent bodies and perpendicular to a radius from the 
center of the pin to the center of rotation. 

The predetermined distance of the two set-screw receiving 
holes 56 of the connecting pins is less than the distance between the two set 
5 screws 58 engageable therewith when the end cap 26 and drill body 12 are 
in contact at their interface 44, the set screw placements, for convenience of 
manufacture, being equidistant from that interface. The spacing of the holes 
56 of the pins 54 and of the set screws 58 engageable therewith is preferably 
such as to provide a maximum available draw "D" (FIG. 8) of approxi- 

W mately twenty-five thousandths inches. This is more than sufficient to 
maintain the end cap 26 in solid contact with the drill body 12 at their 
interface 44, a contact maintained by the resilient distortion of the set screws 
after the thread clearances are taken up, and the conical noses of the set 
screws become tightly engaged with the countersunk surfaces of the holes 

15 56 in the pins. 

As it is contemplated that the connecting pins 54 will first be 
secured in the drill body 12, and the set screws 58 thereof firmly engaged in 
the associated holes 56 in the pins 54, the depth of the pin-receiving holes 50' 
and 52' of the drill body 12 is some twenty-five thousandths greater than 

20 required to align the set screws thereof in the associated holes of the pins. 
The pin receiving holes 50 and 52 of the end cap 26 are deeper by fifty 
thousandths than the exposed lengths of the pins when seated in the tool 
body in order to allow for the unrestricted draw of the end cap into tight 
engagement with the drill at their interface without bottoming the pin 54 in 

25 the hole 50 or 52 of the end cap. 

With the set screws tightly engaged from opposite directions 
with their respective connecting pins, the clearances of the pins in their 
respective holes in both bodies is taken up, and the end cap 26 thereby 
secured against rotation relative to the drill body 12 under the heavy torque 

30 experienced in a drill of the indicated size. The differential spacing of the 
conical set screws 58 and their associated countersunk holes 56 in the 
connecting pins serving at the same time to draw the end cap and drill body 
tightly together at their interface 44 so as to constitute them the equivalent of 
a unitary drill tool. 
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The features of the invention believed new and patentable are 
set forth in the appended clainis. 
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What is claimed is : 

1. An insert drill with replaceable end cap comprising: 
a generally cylindrical tool body having one end thereof 

adapted for driving rotation on the cylindrical axis by a machine tool 

spindle and the opposite end adapted for coupling in driving relation with 
5 a removable end cap; 

a removable end cap in facing contact with said opposite end 

of the tool body on a plane perpendicular to the cylindrical axis thereof- 
said end cap and tool body being formed to provide multiple 

chip gullets in extension of each other; 
H) each chip gullet of the end cap being formed to receive at least 

one replaceable cutting insert positioned radially thereof to share a radially 

continuous collective cutting path from the center of rotation to its periphery 

with the at least one insert of each other end-cap gullet; 

said tool body having protruding axially therefrom at said 
15 plane of contact multiple drive pins of like number as said chip gullets 

received in holes formed in said end cap body parallel to and displaced 

radially from the axis of rotation and positioned rotationally between 

successive chip gullets thereof; and 

set screws in said end cap each positioned therein for locking 
20 engagement with one of said drive pins of the tool body to secure the end 

cap in facing contact with said tool body and rotationally immobile with 

respect thereto. 

2. The insert drill of claim 1 wherein the chip gullets of said 
end cap and tool body are two in number, and the cutting inserts are at least 
two in number per gullet aligned diametrically with those of the other gullet 
and spaced from each other in radially staggered relation to those of the 

5 other gullet so as collectively to sweep said radially continuous cutting path. 

3. The insert drill of claim 1 or 2 wherein the drive pins 
protruding from said tool body are likewise each seated in a conforming 
hole in the tool body axially perpendicular to said plane of contact and 
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secured therein by a set screw in the tool body engaged therewith , the set 
5 screws of end cap and tool body, respectively, engaged with a given drive 
pin being disposed in the same plane and accessible from the exteriors of 
said bodies, and each having at its engaging ends a conical camming surface 
engageable with a like hole in the surface of its associated pin to urge the 
pin more deeply into the associated holes in the two bodies, thereby to 
70 pressurize the facial contact between the two bodies when the set screws 
are tightened, and to secure the two bodies against relative rotation. 

4. The insert drill of claim 3 wherein the depressions of a 
given drive pin are spaced more closely than its associated set screws of the 
end cap and the tool body. 
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